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t 




1 

Ct4^i!(i:t-^a^J£tri^M^-7 H. 

mJfEP tMn^ClMliP t 5~54Mn46~9 
5iM^%T-a5oT, ^-O^MS^«2 0 0° C~3 5 

v Ho 

miiaP t Mn^Wl^iiafigUP t5~20Mn80~9 
5g^%T-$>oT. ^O^aiaStt2 0 0° C-3 5 
0° CW^HTS-SCt^^ilStfrs^JS^^M^. 
•y Ho 

gflKP t Mni^WiiyfifiJcteP t 3 6-5 4Mn 4 6- 
6 4I«T$^T, ^©lffliaSH2 0 0'' C-3 
5 0° CWteHTafeSCi^^t-r^^ffifii^S 

Ay h\ 

lKtt#:®tO#®(C^$nfcffiSK»«©/P^2 0 
-100A W>yxhO-A) T SSe: i: ? 

%mn.mK®$kw.'\v h. 

BflIHMttft«OTMfi)c^\ N i FeM, N i F e C 
o^SfcHC o CD^Tn^ 1 -2CDt>«T*$>£ 
atTSttSlSJaa&IISAy F. 

afflHS?^iStt#:li©l^*^ 1 0 0 - 5 0 0 A (^">^X 
hn-A) T&D. flffffiMtt#:)icoMff^5~3 0 0 

F. 

mmfcftffi.&fcm-T:&Z>P t Mn^l;fc^.T, RhM 
n£-£, RuMn^, I rMn&#, PdMn^iffl 

/\y F. 

CW#JS9] !SMlgtr[^^S-r§^tt^e<i:P t 
Mn^«S?Satt#:««i:^ifi^M$1*-, 2 0 0-3 

5 0° cnum-Z'mMWL. u©mt4~2o« 



(2) 9- 1 4 7 3 2 5 
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oco«^ici5^T. mm^.m.itwm<nmm^ 1 o 

0-5 0 OA (t>^XhD-A) t&o. Hfrie^att 
ftB c9SgJ¥# 1 5 ~ 3 0 0 A (t>yxhD-A) 
3C<t£&®£T£Bm}gta^SAy Ho 

0-5 0 OA (^->yxHP-A) T&D. sfFfEMtt 
#:JfC9jgff^*5 0-3 0 0 A (t>i/XhP-A) 
•Sit^^i-r-SSg^iatii^SA'y Ho 

0-5 0 OA (^>^XhD-A) ItifEMtt 

5~i o oa (t/^xbD-A) -e& 

[**513] «*«l^^t»^6CD^Tn^l 
20 ^©Bf^JSiC&HT. WIES^attft:®©^^ 1 0 
0-5 0 OA (*>^XhD-A) TabO. i!uIE?$ii&14 
#I©1IAU5~3 0A (t>^XhD-A) 

mmmfe.&m t s.^m.^m £ d c -? h □ > x /t 

[«*3115] i^MJSta^&M-r^^tt^StP 

30 ^ HP>XA°^^ffi^ffl^T^b, 210°C~25 
0° COJr-jl.MtML. HfrfEia^®bfe?S 

1 6 ] «sugtfts«**af t p 

t M n ^fflRMtt^i 1 5 « t , DC?y 

®7r-Jl-MTttIl, xifts^-ttaw^iii tr- i7 

40 Ay K©JSJft*ffi. 

w*si 7] mmmm^mr -zmtimm tut 

IfllEK^ffittfrJitJP t Mn^&aO. ^©H&fiSc 
«Pt5~20Mn80~9 5{g^-%T^oT. siJlES 

ajs»t3**aAy Ho 

50 [0 0 0 1] 



3 

[^©JRT JiXteAMR'x-y F. S p i 

(' J; 3 A*-f 7X ^^WicOTD-r-S^Jgifi^S^ y 
[0 0 0 2] 

$f ^tAMR (Anisotropic Magnetoresis tance) A 

y f t&mm?<oz¥>mu.m&&m*fcGMR (Gian 

t Magnetoresistance) GMRA7 H© 

-• p<tUTfi^«a»Tfi«ascfitft«!i***-rs p i n 

-Va 1 ve^-y h*36«*a«fffFSi5 1 5 9 5 1 3^«ffl 

[0 0 0 3] 0 1 2 ISAMRA7 itOft 

B&EIT*£>£o AMRAy FCDftj&i&^ODfc&fcteAMR 

asss^-raattftw 3 (amrto ir*tbT2^cr> 

©KttbTSifi (B+Z^lfil) T&D. AMRtmoU 

[0 0 0 4] fc5 ir)©m 7X«Bimifi#*8fA'f 7X 
a^,inf«"n. &SaS#£AMR#**3©KSt::;ttbT 
¥fr (H«PX*|3I) fcfiljpsn*. I/H7XI#0@ 
miiAMRTO3^»OSE*f^t5 £ tl: =fc^T 
^b-SAVl^A^-fefW-f X&WWSCi:, f&t> 

[0 0 0 5] njl/^A^-tf>/'f X*«l$iJt"«)fc«?)(Ctt 
AMRM*43&^K{frsC<h^STfe0. ^Ofc 

MRMfi-3 ©MKlcte 6 £SEB b&5 6 b <DMnW. 

[0 0 0 6] 03. 0 4fC*T.J:?iC. Spin 

-Valvev FOftjglMfrafc&KlteF r e e®!4 
If 7/#BBttcpfSII8/P i nned«ttl9ro+f>H 
-f y^«afc*V»T, Freeitti7l:Bh7»^* 
ft (04>X2f|6j) on-f7^SWJnL/*aK{tUfcttJB 
-Ch7<y^^(pJ{CffiS<tSr|pJttSii-. P i n n e d 
9©«{k^ttH1 J Z*lSl. -f&fc^F r e e)114«7 

©eft^fRj t itsnr -5 ^rr&j t/w 7 x * otd b mm&t 



(3) tif9- 1 4 7 3 2 5 
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»l*fr^b©8£ifc (H*Z*|6I) (CckOP innedl 
ttH9©8fl:*fflttgffcLTttfc&-r, Freeittl 
7co^|6]^P i n n e dKtti 9 ©fiBffc^lnJtCllibT 9 

[0007] Pinned ffittH 9 CD&ffc^lBlSrH* Z 

*ioi{c@^$-a-^fc«e)icttjt^6<j^:^^A*<7xea#*t 
io & b ©aaci;: i o wtanemwa b «ta vifc* < 

£t> 1 0 0 0 e (D/UTX&ft&<&&T&Z>o 
[0 0 0 8] i©A'-f7Xl#J»Sfc6©*i£iLt 
«#P i nnedilttJi9(CSm'l4Bl 0&&?2>C£ 

[0 0 0 9] F r e e J&ttW 7 IcEPttfSAVf 7Xteg! 

b£ b samu? A^-tf > y -f x'^jwaf -sfctoT-s 

0. AMRA7 FtC&tt^tffiA-f 7XtKf©m BP 
"bF r e eiStt)17©(^ffiiC6g51 l^BSgblfiSSl 1 

ffllAbtl-5. 

[0 0 10] JJLhcDJcofC. AMRA-; F©I/K7 
X. Spin-ValveAyFfflPinned f&ttH 
®/K7XtF r e e«ttli©/^ 7XKE3tottttK<h 
©«E«5fffiTfe b 4X8lft*ttaSH6fi|ffl-r* C £ tc «fc 
0 *SMS«F14*S& < A*;U £ A O "t* > 7 -f X*£ WU b fc« 

[0 0 11] X»£2rtt»Jftt?S«^£Ka8ttISI«!: 
30 0»ttl^fflCt5Jt*5R*©«a^-^ > MWOSJlftfflS 
f^JC;gBT3S?*T&'9. 8Itt#W]^.«NiFe 
It ©X 1; l»K^lttI«t L Ttt F e 
MnI^<at»ntUS s b#>b&#6, FeMnl 
ttBftttjjqi b < jg < , -y H RitlgRtfa&t^ 

ab^>„ sfcKjR'w F^»f ®f eunm&moumi. 

»6tlTV»**». F eMnlifCcfcS^g^ttaimS 
40 «Sfttcabfc«SRT»0. ^150' COllttfi* 
(7"D7 + >^fifi:Tb) T5£TSgiC*fl.T«£ 

[0 0 12] FeMnl©itttt7"P7 + >^fiS$: 
eSc»bfc^BJ<!:bT«^«!t#^¥6 -7 6 2 4 7^&$& 

fcteN i Mn C r^^a&^^t, n i MnlfflBtttH 
F eMnI©ltttJ:!3lifi^fe©©*ffl±?t^T* 
-So N i MnC rittN i MnI©iM$l"l±S't5 
50 fcJ6!3C r &miiaLtzG;&-C&Z>ti\ C r^JPTiH^tt 



(4) 

5 

[0 0 13] £7t. NiMn^SfcliNiMnCr^ 
&iZ&\,*T5z&k^&&R*nZfz®\Z\tlxfeM&mo> 
-mzm-biE^^ ( f c t ) 8tife£W-t3 C u A g — I 

5' CST17HR (Appl. Phys. Lett. 
65 (9), 29 August 1994) ©B#M$ 

CO 0 1 4] JfcFeMnlW/D'y + ^yiiSS&i 
TSfPJtL-TN i F e/F eMn«Jffll£2 6 0° C 
~3 5 0° C©fiftT2 OHR-5 0 H R ©j^MS £ff 
^MSSC^S&frCN i Fe/FeMn»N i 
-Fe-Mn3 5c£&li**j£?"S#ft##B4$a ! FSB4 20 
8 0 9 1 0 9^Wffl&\Z^-£tlT^Z>W. FeMnl© 

*(cS«T€^t*(C 2 0HR~ 

5 0HRt*#t:*V»Ct*t«Jtia±BI«i:*-3T< 

So 

[0 0 15] Sfc. gt#tilM%«^«^#»)S»fT© 
l^«i«NiMn, PdMn, AuMn. PtM 

tt«T£>D. IClJI«10 0^>^Xhn-AiU 

[0 0 16] 

itcto. f&Bfo ! &mzmtiwi<i?;\o-e>/-{xzw! 
MLtzmmmmmm^v h imr^k) 

utT?fc5. 40 
[0 0 17] £2 0B«tt£iMI;*tta*f<Bfi£tt#tt 

[0 0 18] jB3©BWtt±fcLfc«fc5fc8*4M£*»* 
t«?)OilSIg«OMRA7 K«itXeT?ttfflS 

50 
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[0 0 19] 

R&m&fcmizj: Q'&m+ftwu rxm^wmr^ 

feODTa&O. ^OSiWIttPtMn^TJO, 

200° C~3 5 0° caufeizis^Ttsmmz 
frtr», P t MnK3H«Ett#:ffltiiSttJ*'r*«!att#«td: 

[0020] ccDjuwaattifi^roastfistass^y k 

[0 0 2 1] JfcPtMn&fttFeMn^NiMn, 
N i M n C r £&fc*fc^»fctt;fiH««>T«tlTi5 D . & 

[0 0 2 2] SfcP tMnS*flSitt#«lt«l*»-r*9l 
ffiSttftfll t ©#ffi l»TBf3£©ffiS*S*]i L T 

St$jSS^-.y H©f^»S*T"*-5^ja^e. 12 0° C© 
t» F e M n 15 0' ClZM^T 

3 8 0° ctm®Tm*rzit>. s&j&gttraKv kk 

[0 0 2 3] £fcP t Mn#^ttjtSESsr*3S«tt#ffit 
BtSnT^*eftEia*SEA*T«!«t«^.«T a*W« 

[0 0 2 4] 9ft«tt#KtP tMnfi»«tt#JK 

gT©fig£ TteTSii-* ut^T*f§. 
[0 0 2 5] 

fc3?»a*tt«»cH-r*» i <7>mmm*7K?o p t 
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SliHIOAMR'Sy Ht6tf5*/H7^, 0 3 COS 
p i n - Va 1 v eVy KlClStt^P i n n e dMI 
9C0; x \^7XRl5H4C0F r e eI14i7 (D/^TXt 
Pinne dSttl 9 ODW 77T^Ti:fflUS i tjjt 

[0 0 2 6] «RF (Radio Frequency) n>^> 

f»ffiWftM&tefr^T^&^ 0 8" *1MX<0N i 8 0 
Fe20, Co, Ta, Mn, N i 4 7 M n 5 3 
<D9-tfyb&m^ PtMriMMTOn^-f 
y hlZ 1 Omm^CDP t ^l/y h ^jgSE^UPS^ff 
-otzo ££N i MnC r JKcoJRjfijsfctiN i 4 7Mn 5 3 
V\Z 1 Omm^coC r tMn(D^Uy h&M'& 

mmLmmzn-Drzo mmmzs \mmzmmm211m 

SfifcKU XMA (X»^9UT^v^^f) T^Srl 

XffiHiTlmTor rTffK ^7^Sfilil^- 

i:*f7^S«©M»l:EIBUfci»© J: 0 ft 5 0 

[0 0 2 7] fftjjiattS X 1 0~ 6 To r r JM~ROJ^^ 
TfffVi, mi 0 0 OOeO- #ffl(7)«#£fiPJDL;fc. ft 

3^&*»*Tfl!)|»at**3«ffl|fcB3fel/&. SM&afJr 
fflS«2 0 0° C-3 5 0° CST^ftSi** 
St©ffij#M«4iffl-2 0H«IB<Z)ieHTfft?3t. P 
tMnS3S«ffi«tN i Fe^«ttRi(7)BJ*}gr^^ 

ColWSfflV^fcXftBBfRliOffofc. SSJftS^ttSK 

[0 0 2 8] 05teP t MnKcO^la^^P tt0-6 
0Jg(T% (at%) *T*ftlS*fci#0J«im[»©* 
ffi (a s depo. ) i 2 7 0° C T 9 ftlRMUflatft 
<DX*S*tt«# (Hex) 0>Marc»*. Rtttittt 
Glass /T a (100A) /NiFe (50 A) / 
PtMn (2 0 0 A) /T a (100 A) T»5 0 WE 

[0 0 2 9] G 1 a s siilTa^llfclfifiG I 
a s s±0>j*»iN i F e«#»«Maatct0tt51KttT 
5:tSK<fcra§, as depo. (D^ffiTii 
P t ft^0-2 1 a t %C0tSHTHe x^tS^P t 
»#2 1 a t %JK±«Cttat*RW^«HT**He x 

l*>l&3^6, mMwmzp t eat o~5 

4 a t %CDjte/£ttB£&Ki;!9He x**£i;, 4$lcP t 
tt# 3 6 ~ 5 4 a t %OSSa^tt as depo. TtttB 



(5) i^BB5f 9 - 1 4 7 3 2 5 
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0, f ©it) 2 0 0 O e *a^.4^a(ti:»§o Pt 

W0-2 1at%©«t)as depo. cofitcfe 
[0 0 3 0] B6H P tl^44-5 4 a t %CDKl£ 

■UTH«aaaKft*fl:s*fct*<oHe xotftt* 

S. «WL««*TO««r«f«Itt2 0 0° C, 2 3 0° 
C, 2 7 0° C#9fl$Rfl, 2 5 0° C^2 0B$W. 2 9 
0° C, 330° C, 350° Cj&*4BSWT**K 

£ 0 MSfiScttG lass /T a ( 1 0 0 A) /N i F e 
(75A) /PtMn (2 0 0A) /Ta ( 1 0 0 A) 
T&3 0 2 0 0 ° C*»©»fflaTtt*K«fcHe xte 

«wsn&^a*, 2 0 o° ca±0MiTiiHe x « 

»J£n#J#>, 2 3 0° Cfit±CDa«T<O*«iafcJ:0 
He xtt«i»tc*i;«J:5tC&0, #{:P ti^44- 
5 1 a t %CDfiltt2 0 0OeJW±<D*$fcffi£^T«k5 

[0 0 3 1] B7atfSI8UHextW(0«l* 

20 (He) ®Mfia&«. fiwi»mtt$tt«j:Dff«iK:a 

^fc»*T*»So MfittftteG 1 a s s /T a (10 0 
A) /NiFe (50A) /PtMn (2 0 0 A) /T 
a (1 0 OA) "t?*Q, P tMn^IftflEttP t 4 7 M 
n53at%TM. 2 5 0° C t 2 7 0 ° CfC3fSU 

[0 0 3 2] $fc2 5 0° CT2 0B#fffl£ 2 7 0 ° 
9WHB, 2 9 0° CTf4«fM<Olt<ft*^4i'*^«J:'5fc, 

km \z & & » fflftm <t£-oT^z>\z 
30 fHex (Dm\m^ummm<Dm^mummm<D^ 

[0 0 3 3] H c liH e x t SIJH«Ol«ft#«fRl* 
-^CDftt)He x fcJ3:Kra*-C*S. IP^CICO^© 
M-H^-yco^tt^L^He xjEttH|ft<0— Ifcfflfcv' 

£ 0 AMRS^WSp in-Val v e T©3?J6S^ 
14/H7Xmt»^ HexiHc^l:^: 
tl«n«^H7^itf*S < lo^tSOTH e 

40 [0 0 3 4] ST, «»a*tt«lftt»«tttt<i:E5ll« 

ta. »«iaic<koTSs»»*tt«#s^flt-rsN i Fe 

£**<&4;i£:**l!feLT^*. CCDttaW&^ffc* 

[0 0 3 5] H9I4P tMngl©KJPS*fcS*fc&# 
50 COH e x t«Wlia«©B«t»*. «»«fBBtt 2 0 0 
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° C, 2 3 0° C, 2 5 0° C#9B#ffi, 2 7 0° C, 

2 9 0° C, 3 3 0 ° C*«4WfWT»0, #»fiB*m« 

3»IBT**. MftjttttG lass/Ta (10 0 
A) /NiFe (75 A) /P tMn (XA) /Ta 
(10 OA) T&9> PtMn(DiMttPt4 9Mn 
51atXT»5. PtMnOlf^lOO, 2 0 0, 

3 0 0 At*<a4l:Lt^He xtt*#<fc?K 

t£&A*H 10, Bl h 012 T&£ 0 

[0 0 3 6] B10 CD|||«/&teG lass/Ta (10 
OA) /NiFe (XA) /PtMn (3 0 OA) /T 
a (1 0 OA) P tMrKOM^JP t 4 9M 

n 5 1 a t %T*?K Iffllfil^ 2 5 0° C, 2 7 0 
° C, 2 9 0° C, 3 3 0° C«lt$TO^o 

[0 0 3 7] El 1 1 (?)1«^G Lass/Ta (10 
OA) /NiFe (XA) /PtMn (200 A) /T 
a (1 0 OA) T&D, P tMnOUUtttPilKP t 

4 9Mn 5 1 a t H 9 tW«©«W!iaSjWb 
ITS) <5 0 

[0 0 3 8] 01 2©BHf#t(iP tMntNiFe®! 
m&mmzMitZlfZ&V, Glass/Ta (10 0 
A) /NiFe (XA) /PtMn (XA) /Ta (1 
0 0A) ©JBIfitfcT. PtMn©lMm9, 010 
£|HjC<Pt49Mn51at%T£>-5„ &M3tt2 9 
0° CT4«»T*fTofc. 0 9. 010. 01 It 

*>m<&®og.&M.mm\m4 3 ism-?**. 

[0039] 09. 010. 011. 012 H 
exOicf^HNi Fe 

0 , PtMn ©B£Jft?Wpt< fc*fc£** < fc* d 
^-5o P t Mn«Jiff{C^L,T«l 0 0 A~3 0 0 A© 

ttHT*j»tt£Ftea<ffi*-c**a«, is*5 3 o oa~5 
o oA©«H-ett«wttt#tt5W**o*&n^ (0i 

2) . ffi^T. P tMn©ISIi3 0 OAftntft^T 
[0 0 4 0] — Tjf. N i F e©MfficKbT«He x t 
ftttP tMnliN i Fe]g©#®iC:fctt£Ba14II^|W| 

±®5S*ffliWtUflfc±*3*ift*Stex*;i,*->&tN i Fe 

SiJ»lCfe#LTV^ViCi:Sr^L-X*50, g£*©FeM 
nl/N i F eB|iC&tt<5N i F e m<DmmtkW&tm 

[0 0 4 1] ^CK5S«tt#JB*N i Fe*5Co«A 
fct^CDHe xO^HSrlB^fc^Sr^T. Spin- 
Valve^ HOP i n n e d®ttHiIttN i Fel 

0, P i nnedSttlCCoSffl^WS^fc 
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[0 0 4 2] 013 ©SI«fi)cteG lass/Ta (10 
OA) /Ni FeStliCo (XA) /P tMn (2 0 
OA) /Ta ( 1 0 0 A) T£ 0 . PtMn ©flHla)&« 
Pt49Mn51at %T. 9 0° CT4B# 

£C otC^T&N i FeliSg^OHexiiff, 
tlit. ^©^m^6^^tt^(CN i F e C o3^# 

i^v>Tt>i^i©He xfimt>ti%>z.t&mmzmm 

10 [0 0 4 3] JJLh. P t Mn«£!S«tt(M8©£ift£2r 
ttWicMLTP tMnl^©JSffi^fe#tt. M1M 

»®3!«#ll*|llltt#tt. P tMn)^J»fe#14. 
^5Ett^*fe#tttcPILTf¥lx<W^. PtMn^ 
<tifi«5SE-r*»«tt#J«fc*^Tfflt#!j«5 0-3 0 OA 

t^-ofzmmmz&^x. 200° 0-350° com 
im&m* c <h \z «t 0 ^ fcsafta* & 

[0 0 4 4] #f£l3li#JR&L«k'5£LT^-5-5-CD 
20 #:P t MnM©i6SBfttt, #!CN iMn, NiMnCr 
SCNiMn, NiMnCrW»ICi^T#5 

6 n-s £ © * t> -x a ©*Bit,6 t 

{cMbT©sijg^j*^-r= 

[0 0 4 5] 014 HH ex. He ©Sft^tt^lB^fc 
^IT$5. mmm-iG lass/Ta (10 0 A) / 
NiFe (2 00A) /PtMn (300 A) /Ta 

(10 0A)T£D. PtMnOlMllPt46Mn 
30 5 4 a t %T. f&MStt 2 6 0° CT20 Bf ffiGMST. 

jS.mt)at (VSM) iZ^XM^&5 x l 0* 5 To r r 
^T©tt^T+»- > £^b#> e> \Zl)nm Lftj&t 6 M 
-H*-^*Sd^Ufc. ISKfO#lMtt2 0° c/ 
2 0 

[0 0 4 6] SfiTOHe x«9 0 O e f#e>tlTi5 <3 d 
©ffi}±fie*©FeMn||^{rJ:SHe x©)^Jl. 5flS«t* 
©fflTC**. Hex^^nM (Tb :^D7+> 
i^fiS) B3 8 0 1 CT'S 0 F e MnS©T b = 1 6 0 

12 0° CW^HiCR^Clt^ftietlT^-5^. ^©a 
ffi^ffllCiJt^TP tMnIiCi5HexttSS777 h 
ft<t£*U FeMnl0HexMl~12O" C© 

ft*. HexiTb < J&:3«5UStfi:aS*£K y K 
ftMS«tfc^THex0W7 7 7 F-T£>3Cl<L:te 

50 -5 = 
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[0047] $T. ^$.T*<r>$m&\v>mmm$±TG 1 

a s s /T a/fam&fcWk (N i FeSfcUCo) /P 
t Mn/TaT?fcoJt)6«, MttftliP t MniOfiS 

[0048] 115(iGlass/Ta/NiFe/P 
tMn. Glass/NiFe/PtMn/Ta. Gl 
a s s/Ta/P tMn/N i Fe/Ta, Glass 
/PtMn/NiFe/Ta, (7) 4 SO ©BMfi/jfcfe&H- 

K{tSRF<&»fclB:H-fct>OT* D . Hex ©«Jf 
tt#ttfctt*»*4^TVifel/». N i F eBIJ!te2 0 
0, 3 0 0. 4 0 0 At&ffcStfTa&O. PtMnlli 

3 0 0AT&&O PtMnffll«ttPt4 9Mn5 1 
at*. i»IH2 7 0 o CT9«rW«», 

3l$ra-C**. 
[0 0 4 9] Hex ©ffitt$UfMJftdJ:oT#4>©^t: 
^*-5fcO©^TCOW^JIl^(Ct5HT^^^$CDH 
e x^fetlt^S. t£5fe©F eMnd&UTteK^a 
•ft^MSTfe-S r - F eMnffl©4(S^M*ttl?ffl 

TaI©t»:<toIHe xlC^S:lU)S5Sft4rt 
StttStlT^*. EPt>. FeMniffliSTiCftft 
«cSrHSr.6JBH£5R^a:(tn«He x*«»6n-r. £fc 
FeMnfltS:««HCJ«J«U-€-©»N i FelMUc 
©TfteH e x^^n^Vitt^feOC^J^l^tO* 

?fl^#ffltt££ttT^fcfrttT*<5a«. P tMnli; 

[0050] 3^01 6iiBi5 tmm<nmm&. m 

H. ff&Ma^frtCiS^TP t MnH£N i MnlTfi 
»*.fci£©fOM6£-e**. N iMn©«HN i 

4 9Mn5 1at%m N i MnJSlC^i^Ii: 
(iH e x ©«Jf Jl#flc??tt;^P tMnliDfcFeMn 
miZMT^ZZt. fiP^T^Ta©W£ST'He x(C;*:£ 
Ml^in^CiTfeS, CinGWC t«N i MnSi 
LP tMnm\Z&^T&m&l3&MftW±CZ>*Jj-X 

[0 0 5 1] ST^lC, PtMnItI»^t»tt 
©#ffi(It5^TiiSO^Ma*^T- 1 \Z «fc 0 32 

misTte^K-ofrn&m&fflM-znztf* ^© \-D\wt 

Tl»*P tMnfiflUffi (CuAu-l^-fy) ©0j£T 
[0052] 020. 021 (±Maffrm©fflSK«« 
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)SS^-yiifMttf7"xyD77'fJl' (AES) 
ICckDH^fc*SST-$>3<> as d e p o. ©JUHgfiJcte 
Glass/Al-O (7Ht) (100A) /Ta 
( 8 0 A) /N i Fe (2 0 0A) /PtMn (200 
A) /Ta (8 OA) T&D, P t M n ©StMlSteP t 
4 7Mn 5 3 a t %T\ MS(i2 9 0° CT4Mi 
02OOas depo. ^©+)->^T 
ttAESOiMiME£t±OWC>^*:tSfttt««SnT^ 
0 2 1 ©^ffl.a^«-t>->-/^TiiP tMnSgchN 
10 i FeJBtt©#fflC*i^TM&d>a:fflSJfi»*«B»6n 
S„ IP^PtMnCDPt tMn^iCMn^'N i F eflltflj 
fc&ttU N i FelfON i «hF e#P tMniCIi 
i£«miSt«J^i¥^ 2 0 0 ATfab-SHt^Sit 
SlIT-Si: 1 0 0 AiIST*4. 

[0 0 5 3] 2fct!m#tttt#tt£a«1^£5i«tt«l© 
#®tl*Jt*5R*©«ttR : p|?I±«>5EiftfflSf^ffld*«ia 

20 TP IMnSMttliN i F e »«tt«t i: ©SiftS:* 

ttiWii>Tt>5:ii:&5. p tMnrntmrnm? 

2>N i FeMtC^^T. 200° C~350° C©$$1 

[0054] La»L&a«s. tasffi«^«tDjtff l. p 

t MnltN i F ei^ttitl^TP t MnN 
30 i F e 4 TC^iZts. -o X ISo Ttt£»£:frtt«JW»# 
sn&Uilt tt3£Jft*BSf£fli © * fj - X Art* <=> L T**> 
T-£-5©T\ P tMnitN i F e g©^('jgffi(C^fi£ 

[0055] &m&jj&MR<D&mKmLTteMmvtz 

cfc 5 Ktta*ift©£fl:fl]-& PtMn Jggijffi ( C u A u - 

mmz&nzmmmTikctmt&xmmmz&QM^tz. 

[0 0 5 6] 02 2itx»mmzfayr^f)ms>i>. fit 

«^«G lass /T a (100A) /NiFe (20 
40 OA) /PtMn (2 0 0A) /Ta ( 1 0 0 A) X'$> 
0. P t MnCDgfyia/jjtfiP t 4 7Mn 5 3 a t %T\ f& 
$aatt2 9 0 o CTMUflBK&SrT**. ISttCof^ 

[0057] as depo. <hf&aQ.S&©ffl&j&fci f 
c c*jg©P tMn {111} t?-i7tHi;<fcc* 
it©NiMn {ill} e-fotf-fttftittfSS: 
(DMitlzW? fcf-?teB©^F©£fl:£ttT?* 0 . d© 
0 f c t«jg£^-TP tMnSLBJsffl (C 

uAu-i^y) ©»riEH!pj»jTf€r&ii. 

50 [0 0 5 8] &tC. #%HJ!©fc5 1 1CD±gtj.3Mr-& 
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[0059] 118(iGlass QW-Z PtMn. N i 
Mn, N i MnC rl*f n?n3 0 0 AJ$IL^> 

fcWKDilCJWfeMfeW^fclSJft-C**. MU£teP tM 
nliJtP t 4 7Mn 5 3 a t %, N i Mnflt#N i 4 7 
Mn53at%. Cr^Jp4H5> 9. 13, 17at 
%T*-6. 41tfi*>fONa C 1 ©igftteO. 9%. 

P7M'JttT*5. J®*« (X) 
*fc»ttWLG 1 a s s£tttfBttiUfciBft«%¥Mft 

•So 

[0 0 6 0] P t MnflHte^gAifck. ¥L*PJffl£fctc£ 
<H*^ltff Lfc^ofctf, N i MnliMiStfe 1 0 
0 %G 1 as sSS^*StilT-5^^]itfi : Lfeo N i M 
nfcC r £*flaTS££fc«fcD*a>fc£Sfc**(C*iW- 

£.h,El3.frr>1t. PtMnlliNiMn, NiMnCr 

0 1 7T*5. 
[0 0 6 1] 017 ommmtG lass/Ta (10 
OA) /NiFe (5 0Jfctt7 5 A) /P tMntfe 
KNiMnSfcUNiMnCr (2 0 0A) /Ta (1 
0OA) T~$>K). HMlli2 7 0° CT9B$W«J$-T» 
•So PtMnIiNiMniSt;Cr$5%, 9 %mtt 
IfcN i Mn C rlfflH e xtt^I^SLfc^, C 
r^oSA^l 3%, 1 7%££<t£.Z>\ZLfzm*He x 
tt«4> L Hffl ±|HHB t ft -5 C i fl^Sl S tl -5 . &,±. ©*£ 
SfCcfcD. McOB^ttiHe x©W#ICiiHTP t Mn 

[0 0 6 2] Mi;, PtMniOiifPtimi 

[0 0 6 3] @19(J@1 8<tra«©ii*ftjfcii->:7 p ;k 

tMnJK«DirtEtt*lfil±**TV»*7£*ttP fC»«H 
t^StafPTf*. #CP t *^*4 4 a t XJJLbKfc 

[0 0 6 4] JJULWSWHCiSHT, K8£tt#i:LT£i: 
LT. PtMn64*Jt*iUSft«». £n£R«& 
RhMn^f, RuMn^, I rMn 
PdMn^tiJUTfcP tMn6&£H%fc% 

[0 0 6 5] ik^'iC, WJfibfcSSlOHiSfi^lifcJDA 
T. ^©SM«i&&ttftJf©llJPfC#§bfc^P©?g 

[0 0 6 6] 02 311 DCV^hD>X^y^T^ 
flgbfcP tMnI03?MMa#, NiFelCl 
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^SaacDM^^^-rHTfSSo B2 4H DC 

&tttt#R©&££J:tflRff©M 
#£*-fBT&3. 02 5B. DCT^ hD/X/Vv 

10 [0 0 6 7] mfffitftiftSkM'^y H (MR'S-y F) 

N i FeJf&i^P tMn)f^©#Jiffi|flM&©7:=.- 

;ng (Miig) s&st-r-stmt, i^stLft 

HMHtWoT, 0 5 iC^-f «fc 5 iC. 7-- 

^MStl^^S»«ttItLT, Mn-X (X = S 
iI10~30at%) ;5*3hGeT-5. CWffiiCfe, 7^ 
-Jl&'&WtLtt^fc&m&mtLT. FeMn, Cr 
-Mn-X (X = 6&#|0~2 0 a t %) , N i O (S 

20 [0 0 6 8] iftSTcDMa^rff ^>T^i-;UXgtt, MR 

m ^c*T#«Ht*wji8©cuH) £p 

»£r, lf(5E©C u t>*oT, 7^-;uX 

fc. *fPJ©ff? 1 <Z>mffi.Wn\Z&»2> P t 3 6 ~ 5 4 M 
n4 6~9 4gf%©P tMnKKfe^Tt), Cult 
30 *©^jpJftja«S«EUTV^©T?»-5. t)ott>. ft* 

2nz&&&j3&Mft<D&2\z-o^Titz\<Dmtmm<z> 

[0 0 6 9] MR^\>y H©fiigXSlC*3ViT 

-K^-f *I«##S©KiftIg-C*9. ;rti<p©Xg 
(C*3l/^T«^2 5 0° C©Sft{CM&£*X3/t©, 

LTfe. Htfia2 5 0° C<D1)\}mum\z£0, h 

©«as4«pttttc©iet*^T*rtr-5©Tr*«. 

uv*i7Xg43<fcy:/\- K^-f^xgT 
©&Be/W8fi©^*-5?IEHrtKiW«>* li^Tg, 

1^©^;* - yfH £ it 4 £ <h 4 ©T*& -5„ 

[0070] *mie>'%2nMwm\z%>^x\z, 7-- 
frxm*&mt-?z>K%im&m*:Mtfiirz>0iz, rf^ 

50 &«f«tT**)©T»0, CintCj;^. «tt)9S^5ilfta 
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50° C&TF<DMfi.k%. 2 10° CttS^t^t-tl, 
fc©T&-2>o 

[0 0 7 1] *fgl§fl©$&2f|^!i©x-^£f#3;fc£> 
SiMiLT«Pt4 8Mn5 2 (g| 5 . H 6 (C^ 

[0 0 7 2] 02 3£<fcntt\ DC-7^hO>X/l7 
M4BltLTN i Fe. K&8&fflK<hb 
TPt4 8Mn5 2. £jf ffl U NiFeIM200 
^">^X bn-A©JP£^£, 1 5^->^X hn-AiS 

bcOX'&r), -?-©Eg. iHMS2 5 0° C. 2 30 
° C, 210° C. 190° C. as depo. . £ 
n7/-^tUc%OT*5. 010, illTUll 
fcN 1 Feil?lJ5 0t>nhP-ASTTS^fc© 
£;stt£TFcDl Sty^hn-AfflSSSTML 

[0 0 7 3] C©!®*, 0 8 t^f3 6 OOeO^IS 
*tt5EI?-co^$^7 5 OOeSTl:?l<&ofc. £©51 
UilSHIfCj^i:, N i F eCDM/¥*»<-r-5@^^3C^I 

©?g£t£, Ttlfeai±iCl%-7iN i FeM^jSoI#gT-E. 

[0 0 7 4] Lfc^'-pT, NiFeOWIt SSi^S* 
14®#©?S3$»^-r-5<h. 15~100t>^hD 
-A^-a§M^»*K, 1 5~3 0^>^X hD-A 

S;£tt®#©&3«*£<&-5^\ 2 10° cumtz{& 
< LTfc^©£&^7^&#©^2ic^ng©{g;T£fc 

[0 0 7 5] gI2 4(C t fctltt\ DC-7^^hD>XA°-y 
^SSffl^. &J&ttJI©:fIS£^©flt«<i:LT> NiF 
e4 0t>^hD-A, Co40t>yxhP-A, 
NiFe 2 0 0t>^XhD-A, Co2 00t>^ 

t 4 8Mn 5 2ZmmLtzt1Z<D5i&g;Jj&ffi.%.<D%l-2 

[0 0 7 6] ^ntCct-Si:. ^ttjH©««©jt^ (N 
i Fe tCoCOjS^) £Dfc (MMtLTON i F 

£) ^©§Ui£©ii^©7m Sc&JlTjttSS^©^ tcf£ 
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-K^-f ?Xg©2 5 0° C«fc0fciKlAfigT<&<5 2 1 

0° ca>5£»*:£tt»##»&n* 

[0 0 7 7] HiC, 02 4J::«fctl«» 7^-jWX@T© 

3fc#>Tt,>T. rntrin^. 2 5 0° Cjfij2T3c&g?j 
ffi&lf©&£©£-?ffift#WlTl»-5. iftB, U6 
10 tS-T»l*16»l6l:*tt*. 2 5 0° CTffliHilJll 

UV+i7Xgt5itK/\-h*^i7Xe©2 5 0° C£ 
a*. 5 7--;PfiK£j&rr £ i ©&gtt^&V> Ci&S 

[0 0 7 8] m6omimMMMiz£n 
«. y^-Axmx'ommmMS.^ 3 5 0 0 c(c*Ti« 

ncsit, 350° c('^Tfa<-rntt'tfiKEb/tc u 

20 [0 0 7 9] — ?j, MRA7 K^Sjg-r^teWXg (U 
V^a.7XS*3=k^V\- K^-f ^XS) (C*il/iT2 5 0 
° CODDii&g^I»3nTVi5roT'I02 5 0" CK 
f*3©M^T73i-J!,XS^)gl:('MBit?#tXiiMS b ^ 
Ctt45©TW, El 2 40^2HWil;inH 
2 5 0° CT^S^ttm^©^^^*lf-^«(n]i^-5 

mim^2 5o° cm.izmi&z&mtiti^ 

[0 0 8 0] 0 2 5 fr^ntf. DC?^hD>X/t? 
30 ^TfiflKUfcP t Mnlll©7 , a7 + >yfig& > 5£ 

S8ttJ»#N i F eXfcC oXfel^«iCBS3 8 0° CtU 
5S5V^D-y + >i/ , Ji.S*^bTV^. NiFe 
tC o«h©ttKt?tt, 2 0° C*63 2 0" C©fig3g 
HflTN i F e©^J;D«^SMM«^JI#5 
n. :©,«TN i FeOJWSll^iWS. 
[0 0 8 1] 

[0 0 8 2] *5BW©SS25ltt»«t«tntt. DC7^ 
*m >XM -y J: 0 («Lfc£&B&ttlf T££ P 
tMnlifcttJHU 9S«teH£*<»fiM-*£&fcJ: 

i:7--JHgo|!iiiiaSliTTt, I^d? + 

50 



(10) 

IT 

[0 0 8 3] £fz. DCY^hP>X/t'y?ffi!;J;0 
JSttUfcK3*«ttST**P (MnMfflL, &8tt 

<d n±^^it t neeipA. s - 1 # -s . 

[0 0 8 4] MfC, 5ft«ttJi**<JgfiE-r*i7' 
Dy*>^i&g;W£<&Sj«faT&o;t#, DCV^ 10 

[0®coffl#7ilttBJ] 

[01] AMRA7 HtC^^SA'-fT^a^CDlft^HT 
[0 2] HKltitt*/^ 7^«#©«IWBT? 

[0 3] Spin-Valve'\7l ? t:M5/H7^ 

t&Rcomwm~x:fc&» 20 

[04] Sp i n-Va 1 v eA-y 7X 
[051 P tMnlft«BtlaiSt5S»ll*tta#WH«S 

[06] ptMniffliM, mmmumt^m^ 
[0 7] p tMnjiw^rngfi*. &mmmt&Wim?3 
[08] ptMniciiiim- &&mmtuMt)<D 

m&&m-t®T&2>, 30 

[09] ptMnirois, $mwm& t&.#mjf&& 
[010] n i f eftcoi&jy. gt&afis, mnvumt 
[0ii] n i Feiio^j?, 

[012] PtMnlClJI, NiFelOlf, j&ffi 

mum. fiy#«nHtx»a*tt»*oHff*7R"rHT» 

[01 3] N i F e mil Co m<D£.&mj}&m&<Dit&t 40 
[014] 3J*JI*tt«»t»Sfi«oH«S*rH-C 
[01 5] «UiJBJ! t £g*.;fcfc£i. TtfcTafflKD*** 



#li¥9 - 1 4 7 3 2 5 

18 

tC&ttSP tMnKK«t*3iS»*^rtt«ff©Jt«*7i«-r 
0T&3. 

[016] mmmffz&z-fzkgt. Tmram^m 

[017] PtMn. NiMn. NiMnCrliaS 

[018] PtMn, NiMn. NiMnCrlOi* 

[019] P tMnI©I«ittttfflM#^^t0 

[02 0] t-yit?Mfef7 , xyD77-T JKC<fc 
3 a s d e p o. ttffi©ifffiifiirtKiR£jS"rillT* 

[02 1] :*-vi*^#^&^:/X7 > 'a7 7-1';i4;:J; 

[022] xmmmyny 7 -( Mzzzmmmommm 

[02 3] DCV^hD>X/<7^T^IUcPtM 
n ]«©£«*»:#£»#. NiFeMf, MISS 
COM#*^-r0T?^S„ 

[02 4] DC-7nhn>x;tyn«lfcPtM 

[02 5] DC-?^hD>X/Vv^IlfcPtM 

©W«£*-f0T';&S„ 
[0 2 6] ffilH16JBffit«2g|Jfi^«tCt$W*Sa^tja 

i tm&ttmm 

2 

3 mmnwrn 

4 «tt#I 

5 

6 ma 

7 Free 814® 

8 #tttt*mjB 

9 Pinned &&H 

1 0 £$&8ttJl 
1 1 85 

1 3 K&ttttfl 
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54) MAGNETO-RESISTIVE HEAD 

57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magneto-resistive head (MR 
ead) which is excellent in linear responsiveness and with which 
larkhausen noises are suppressed by adopting a PtMn alloy which is an 
ntiferromagnetic film having excellent corrosion resistance and capable 
f impressing a necessary and sufficient exchange anisotropic magnetic 
eld in an extremely thin film. 

iOLUTION: This magneto-resistive head has a ferromagnetic material 
jyer 3 exhibiting a magneto-resistance effect and an antiferromagnetic 
nagnetic layer 4 coming into direct contact with this ferromagnetic layer 
. This antiferromagnetic material layer 4 consists of the PtMn alloy and is 
ieat treated. The exchange anisotropic magnetic field is generated in this 
lagnetic head at boundary with the ferromagnetic material layer 3 in 
lirect contact with this layer. The film compsn. of the PtMn alloy is 5 to 
A Pt and 46 to 95at.% Mn. The heat treatment temp, thereof is in a range 
f 200 to 350° C. 
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NOTICES * 

ipan Patent Office is not responsible for any 
images caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 



LAIMS 



:iaim(s)] 

^laim 1] It is the magnetoresistance-effect type head characterized by producing an exchange-anisotropy magnetic 
sld in an interface with the aforementioned ferromagnetic layer which the aforementioned antiferromagnetic 
ibstance layer consists of a PtMn alloy in the magnetoresistance-effect type head equipped with the antiferromagnetic 
ibstance layer which touches directly the ferromagnetic layer which presents the magnetoresistance effect, and the 
brementioned ferromagnetic layer, and is heat-treated, and touches the aforementioned antiferromagnetic substance 
yer directly. 

:iaim 2] It is the magnetoresistance-effect type head which film composition of the aforementioned PtMn alloy is 46 
• Pt5 - 54Mn95 atom %, and is characterized by the heat treatment temperature being the range of 200 degrees C-350 
3greeC in a claim 1 . 

^laim 3] It is the magnetoresistance-effect type head which film composition of the aforementioned PtMn alloy is 80 
. Pt5 - 20Mn95 atom %, and is characterized by the heat treatment temperature being the range of 200 degrees C-350 
3greeC in a claim 1 . 

^laim 4] It is the magnetoresistance-effect type head which film composition of the aforementioned PtMn alloy is 46 
► Pt36 - 54Mn64 atom %, and is characterized by the heat treatment temperature being the range of 200 degrees C-350 
sgreeC in a claim 1 . 

"laim 5] It is the magnetoresistance-effect type head characterized by the thickness of the counter diffusion layer 
)rmed in the interface with the aforementioned ferromagnetic layer which the aforementioned antiferromagnetic 
ibstance layer consists of a PtMn alloy in the magnetoresistance-effect type head equipped with the antiferromagnetic 
ibstance layer which touches directly the ferromagnetic layer which presents the magnetoresistance effect, and the 
forementioned ferromagnetic layer, and is heat-treated, and touches the aforementioned antiferromagnetic substance 
iyer directly being 20-100A (angstrom). 

^lairn 6] The magnetoresistance-effect type head to which film composition of the aforementioned ferromagnetic 
Lyer is characterized by being a NiFe alloy, a NiFeCo alloy, or any one thing of the Co in any one claim of a claim 1" 
r the claim 5. 

31aim 7] The magnetoresistance-effect type head characterized by for the thickness of the aforementioned 
ntiferromagnetic substance layer being 100-500A (angstrom), and the thickness of the aforementioned ferromagnetic 
iyer being 5-300A (angstrom) in any one claim of a claim 1 or the claim 6. 

Claim 8] The magnetoresistance-effect type head characterized by replacing with the PtMn alloy which is the 
forementioned antiferromagnetic substance layer, and using any one of a RhMn alloy, a RuMn alloy, an IrMn alloy, 
nd the PdMn alloys in a claim 1 . 

Claim 9] The manufacture method of a magnetoresistance-effect type head of making a counter diffusion layer 
3rming in the interface of the ferromagnetic layer and antiferromagnetic substance layer which the ferromagnetic layer 
nd the antiferromagnetic substance layer of a PtMn alloy which present the magnetoresistance effect were contacted 
irectly, and heat-treated at the temperature of 200-350 degreeC, held at this temperature for 4 to 20 hours, and 
ontacted directly [ aforementioned ]. 

Claim 1 0] In any one claim of a claim 1 or the claim 6 Magnetoresistance-effect type head characterized by for the 
hickness of the aforementioned antiferromagnetic substance layer being 100-500 A (angstrom), and the thickness of 
he aforementioned ferromagnetic layer being 15-300A (angstrom). 

Claim 1 1] In any one claim of a claim 1 or the claim 6 Magnetoresistance-effect type head characterized by for the 
hickness of the aforementioned antiferromagnetic substance layer being 100-500A (angstrom), and the thickness of 
he aforementioned ferromagnetic layer being 50-300A (angstrom). 

Claim 12] In any one claim of a claim 1 or the claim 6 Magnetoresistance-effect type head characterized by for the 
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ickness of the aforementioned antiferromagnetic substance layer being 100-500A (angstrom), and the thickness of 
e aforementioned ferromagnetic layer being 15-100A (angstrom). 

"laim 13] In any one claim of a claim 1 or the claim 6 Magnetoresistance-effect type head characterized by for the 
ickness of the aforementioned antiferromagnetic substance layer being 100-500A (angstrom), and the thickness of 
e aforementioned ferromagnetic layer being 15-30A (angstrom). 

^laim 14] The manufacture method of the magnetoresistance-effect type head characterized by forming the 
brementioned ferromagnetic layer and an antiferromagnetic substance layer by the DC magnetron-sputtering method 
a claim 9. 

^laim 15] The manufacture method of a magnetoresistance-effect type head of making a counter diffusion layer 
►rming in the interface of the ferromagnetic layer and antiferromagnetic substance layer which the ferromagnetic layer 
id the antiferromagnetic substance layer of a PtMn alloy which present the magnetoresistance effect were contacted 
rectly, and formed membranes using the DC magnetron-sputtering method, heat-treated by the annealing temperature 
f210 degrees C-250 degreeC, and contacted directly [ aforementioned ]. 

^laim 1 6] The manufacture method of a magnetoresistance-effect type head of making a counter diffusion layer 
>rming in the interface of the ferromagnetic layer and antiferromagnetic substance layer which the ferromagnetic layer 
id the antiferromagnetic substance layer of a PtMn alloy which present the magnetoresistance effect were contacted 
rectly, and contacted directly [ aforementioned ] so that membranes might be formed using the DC magnetron- 
mttering method, it might heat-treat by the annealing temperature of 250 degree C neighborhood of abbreviation and 
i exchange-anisotropy magnetic field might serve as abbreviation peak value. 

Zlaim 17] It is the magnetoresistance-effect type head which the aforementioned antiferromagnetic substance layer 
)nsists of a PtMn alloy in the magnetoresistance-effect type head equipped with the antiferromagnetic substance layer 
hich touches directly the ferromagnetic layer which presents the magnetoresistance effect, and the aforementioned 
jrromagnetic layer, and is characterized by to produce the exchange-anisotropy magnetic field immediately after 
lembrane formation in an interface with the aforementioned ferromagnetic layer which the film composition is 80 to 
t5 - 20Mn95 atom %, and touches the aforementioned antiferromagnetic substance layer directly. 
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•ETAILED DESCRIPTION 



detailed Description of the Invention] 
>001] 

flie technical field to which invention belongs] It is for securing the alignment responsibility of the magnetoresi stance 
Tfect and suppressing a Barkhausen noise about the magnetoresistance-effect reading head widely represented by the 
MR head and the Spin-Valve head, and is related with the magnetoresistance-effect type head which improves the 
ouble of the conventional antiferromagnetic substance film and impresses the bias by the switched connection 
tagnetic field effectively especially. 
)002] 

Description of the Prior Art] There are the AMR (Anisotropic Magnetoresistance) head which used the anisotropy 
tagnetoresistance-effect phenomenon, and a GMR (Giant Magnetoresistance) head using the spin scattering 
henomenon of conduction electron as magnetoresistance-effect type reading head (MR head) in the conventional 
jchnology, and the Spin-Valve head which shows the high magnetoresistance effect by the low external magnetic field 
5 one of the GMR heads is shown in the U.S. Pat. No. 5159513 specification. 

)003] Drawing 1 and drawin g 2 are the schematic diagrams of AMR head element structure. For the optimal operation 
f the AMR head, two bias magnetic fields are needed to the ferromagnetic layer 3 (AMR material) which shows the 
.MR effect. One bias magnetic field is for carrying out the alignment response of the resistance change of the AMR 
laterial to the magnetic flux from a magnetic medium, and this bias magnetic field is a perpendicular (Z direction in 
rawing) to the field of a magnetic medium, and is parallel to the film surface of the AMR material. Usually, this bias 
lagnetic field can be called horizontal bias, can arrange the soft magnetic materials 1 formed through the electric 
lsulation layer 2 near the AMR material, and can obtain them by passing detection current for MR element from the 
onduction layer 5. 

)004] Another bias magnetic field is usually called vertical bias magnetic field, and is impressed to parallel (the 
irection of X in drawing) to the film surface of a magnetic medium and the AMR material 3. The purpose of a vertical 
ias magnetic field is for making it a smooth resistance change which does not have a noise to this magnetic flux from 
uppressing the Barkhausen noise produced when the AMR material 3 forms many magnetic domains, i.e., a magnetic 
ledium. 

3005] In order to suppress a Barkhausen noise, it is required to form AMR material 3 into a single magnetic domain, 
nd there are two kinds in the impression method of the vertical bias for it. One is the method of arranging a magnet 6 
y both side of the AMR material 3, and using the leakage flux from a magnet 6 for it, and another is the method of 
sing the exchange-anisotropy magnetic field produced in a contact interface with the antiferromagnetic substance 
lyer 4. 

0006] On the other hand, as shown in drawing 3 and drawing 4 , for the optimal operation of a Spin-Valve head, it sets 
3 the sandwich structure of Free magnetic layer 7 / nonmagnetic interlayer 8 / Pinned magnetic layer 9. Magnetization 
5 made to be turned in the direction of a truck, where bias of the direction of a truck (the direction of X in drawing) is 
mpressed and formed into a single magnetic domain to the Free magnetic layer 7. It is necessary to make the 
aagnetization direction of the Pinned magnetic layer 9 turned to the Z direction in drawing where bias is impressed 
rid formed into a single magnetic domain in the direction which intersects perpendicularly with the Z direction in 
[rawing, i.e., the magnetization direction of the Free magnetic layer 7. When the magnetization direction of the Pinned 
nagnetic layer 9 must not change with the magnetic flux (Z direction in drawing) from a magnetic medium and the 
[irection of the Free magnetic layer 7 changes in the range of the degree of 90**theta about the magnetization 
lirection of the Pinned magnetic layer 9, the alignment responsibility of the magnetoresistance effect is obtained. 
0007] In order to make the magnetization direction of the Pinned magnetic layer 9 fix to the Z direction in drawing, a 
:omparatively big bias magnetic field is required, and the more a bias magnetic field is large, the more it will be good. 
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i order to overcome the anti-magnetic field of the Z direction in drawing and for the magnetization direction not to 

ving by the magnetic flux from a magnetic medium, the bias magnetic field of lOOOe is required at least. 

1008] There is a method of using the exchange-anisotropy magnetic field produced by usually touching the Pinned 

agnetic layer 9 in the diamagnetism layer 1 0 as a method for acquiring this bias magnetic field. 

1009] It is for suppressing the Barkhausen noise produced from forming many magnetic domains, in order that the 

as impressed to the Free magnetic layer 7 may secure alignment responsibility, and the same method as the vertical 

as in the AMR head, i.e., the method of using the exchange-anisotropy magnetic field produced in the contact 

iterface of the method and the antiferromagnetic substance layer 13 which arrange a magnet 1 1 by both side of the 

ree magnetic layer 7, and use the leakage flux from a magnet 1 1 for it, is usually used. 

)010] As mentioned above, the magnetoresistance-effect type head on which alignment responsibility suppressed the 
arkhausen noise well is realizable by using for the vertical bias of the AMR head, and the bias of the Pinned magnetic 
yer of a Spin- Valve head and the bias of a Free magnetic layer the exchange-anisotropy magnetic field produced in a 
intact interface with an antiferromagnetism film. 

)01 1] An exchange-anisotropy magnetic field is a phenomenon resulting from the exchange interaction between the 
tagnetic moments of the both sides in the contact interface of a ferromagnetic and an antiferromagnetism film, and the 
eMn film is well known as an antiferromagnetism film which produces the exchange-anisotropy magnetic field of a 
;rromagnetic layer, for example, a NiFe film. However, a FeMn film has the problem on which corrosion resistance is 
markably bad, corrosion carries out generating advance during a magnetic-head manufacturing process and a 
lagnetic-head operation, and an exchange-anisotropy magnetic field deteriorates greatly, and the problem which 
amages a magnetic medium. Moreover, although it is known that the temperature near [ under magnetic-head 
peration ] the FeMn film will rise to about 120degreeC by generation of heat by detection current, in order that 
whose exchange-anisotropy magnetic field by the FeMn film received the temperature change ] an exchange- 
lisotropy magnetic field may decrease almost linearly to temperature until it is sensitive and disappears at the 
mperature of about 150 degreeC (blocking temperature : Tb), it has the problem from which the stable exchange- 
lisotropy magnetic field is not acquired. 

)012] Although there is the NiMn alloy or NiMnCr alloy which has the face-centered tetragon structure shown in 
*,6-76247,A as invention which has improved the corrosion resistance of a FeMn film and blocking temperature, 
[though the corrosion resistance of a NiMn film is better than the corrosion resistance of a FeMn film, it is inadequate 
radically. Although it is the alloy which added Cr in order that a NiMnCr film may raise the corrosion resistance of a 
fiMn film, and corrosion resistance improves by Cr addition, there is a problem to which the size and blocking 
jmperature of an exchange-anisotropy magnetic field fall. 

)013] Moreover, in order to acquire the property stabilized since the CuAg-I type ordered-structure crystal which has 
ice-centered tetragon (fct) structure on some antiferromagnetism films had to be formed in order to acquire an 
xchange-anisotropy magnetic field in a NiMn alloy or a NiMnCr alloy, and control of order disorder transformation 
nd control of the rate of a volume ratio of a rule phase and an irregular phase were naturally needed, the process 
ontrol and management in a magnetic-head manufacturing process cannot but become very complicated. Moreover, in 
mt heat treatment among a magnetic field must be repeated two or more times, and temperature fall speed, in order to 
cquire the exchange-anisotropy magnetic field needed, if time of 17HR (Appl.Phys.Lett.65(9) 29 August 1994) is not 
pent from looseness, for example, 255degreeC, to 45degreeC, a bad thing will also pose a manufacturing process top 
roblem. 

3014] Moreover, 20HR - 50HR is heat-treated for a NiFe/FeMn cascade screen at the temperature of 260 degrees C- 
50 degreeC as invention which improves the blocking temperature of a FeMn film. Although the method of forming 
ickel-Fe-Mn the alloy layer of 3 yuan in a NiFe/FeMn interface by diffusion by heat treatment is shown in the U.S. 
at. No. 4809109 specification while the thing which is an effect and which nothing is can understand easily for 
orrosion resistance improvement which is the maximum trouble of a FeMn film, required heat treatment time poses 
0HR - 50HR, and a ******** poses a manufacturing process top problem very much 

0015] Moreover, although the material of Mn system alloy, for example, NiMn, PdMn, AuMn, PtMn, and RhMn3 
;rade is shown in the existing publication, for example, the "magnetic-substance handbook" of the Asakura Publishing 
^o., Ltd. issue, as an antiferromagnetic substance material, there is no comment about the exchange-anisotropy 
nagnetic field in a ferromagnetic and a contact interface, and thickness is completely still more unknown about the 
iwn property and own exchange-anisotropy magnetic field of an antiferromagnetism film in an ultra-thin film of 
everal 100A. 
0016] 

Problem(s) to be Solved by the Invention] By offering the antiferromagnetic substance film which can be excellent in 
:orrosion resistance and can impress required sufficient exchange-anisotropy magnetic field in an ultra-thin film, the 
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5t purpose of this invention is offering the magnetoresistance-effect type head (MR head) which was excellent in 
ignment responsibility and suppressed the Barkhausen noise. 

>017] The 2nd purpose is offering the MR head which was excellent in alignment responsibility and suppressed the 
arkhausen noise by making slow temperature dependence of an exchange-anisotropy magnetic field, and offering an 
itiferromagnetism film with high blocking temperature. 

)01 8] The 3rd purpose is offering the MR head which was excellent in alignment responsibility and suppressed the 
arkhausen noise by offering an antiferromagnetism film realizable in the temperature for which the heat treatment 
rocess for acquiring many properties which were mentioned above is used by the usual MR head manufacturing 
rocess, and time and temperature fall speed. 
)019] 

vleans for Solving the Problem] In order that the magnetoresistance effect may carry out an alignment response to the 
lagnetic flux from a magnetic medium and this invention may suppress a Barkhausen noise in a magnetoresistance- 
.Tect reading head It is what impresses required sufficient bias magnetic field with the antiferromagnetic substance 
lm which touched directly the ferromagnetic film in which the magnetoresistance effect is shown. After forming the 
;rromagnetic film which this antiferromagnetic substance film is a PtMn alloy, and touches a PtMn antiferromagnetic 
ibstance film directly, It is characterized by heat-treating in the temperature of 200 degrees C-350 degreeC, forming a 
redetermined counter diffusion layer in an interface with the ferromagnetic film which touches a PtMn 
itiferromagnetic substance film directly, and producing an exchange-anisotropy magnetic field. 
)020] Temperature equivalent to heat treatment performed by the usual magnetoresistance-effect type head 
lanufacturing process, the holding time, and rising-and-falling-temperature speed can attain this heat treatment, and it 
. the very realistic heat treatment method. 

)021] Moreover, compared with FeMn, NiMn, and the NiMnCr alloy, corrosion resistance is extremely excellent, and 
Drrosion does not advance at all in various kinds of solvents or cleaning agents in a magnetoresistance-effect type 
ead manufacturing process, but the PtMn alloy is chemically stable also in operation of the magnetoresistance-effect 
fpe head under a harsh environment. 

)022] Moreover, the exchange-anisotropy magnetic field which formed the predetermined counter diffusion layer and 
'as acquired in the interface with the ferromagnetic film which touches a PtMn antiferromagnetic substance film 
irectly is very stable thermally compared with the exchange-anisotropy magnetic field by the FeMn antiferromagnetic 
abstance film. Since the exchange-anisotropy magnetic field of a fixed size can be shown in the temperature 
squirement of 120 degreeC from the room temperature which is the operation temperature of a magnetoresistance- 
ffect type head, it is the feature that a bias magnetic field is extremely stabilized within a head operation temperature 
squirement. Furthermore, to 150 degreeC of a FeMn alloy, 380 degreeC and since it is very high, the temperature to 
rtiich an exchange-anisotropy magnetic field disappears also has an exchange-anisotropy magnetic field very stable at 
le time of a magnetoresistance-effect type head manufacturing process and magnetoresistance-effect type head 
peration. 

3023] moreover, the upper and lower sides of the ferromagnetic film with which a PtMn alloy touches directly — since 
n exchange-anisotropy magnetic field is acquired even if there is, no ground film, for example, Ta film, which 
repares the crystal orientation needed in order to acquire an exchange-anisotropy magnetic field by FeMn, while both 
f the interfaces can show an exchange-anisotropy magnetic field, the element structure which received restrictions by 
le operation of an antiferromagnetism film conventionally, and has not been realized becomes possible 
0024] Moreover, while being able to acquire a big exchange-anisotropy magnetic field by carrying out membrane 
ormation of a ferromagnetic film and a PtMn antiferromagnetic substance film by the DC magnetron-sputtering 
lethod, and making thickness of the aforementioned ferromagnetic film thin, the heat treatment temperature of an 
nnealing process can be reduced to the temperature in UV cure process and a postbake process. 
0025] 

Embodiments of the Invention] The 1st operation form about the exchange-anisotropy magnetic field acquired from 
[rawin g 5 by drawing 22 by this invention is shown. The exchange-anisotropy magnetic field which formed the 
^redetermined counter diffusion layer and was acquired in the interface with the ferromagnetic film which touches a 
>tMn antiferromagnetic substance film directly can be used for all vertical bias in the AMR head of drawing 1 , bias of 
he Pinned magnetic layer 9 in the Spin- Valve head of drawing 3 , and the bias of the Free magnetic layer 7 of drawing 
t and the bias of the Pinned magnetic layer 9. 

0026] RF (Radio Frequency) conventional spatter performed membrane formation. A substrate is indirect water 
:ooling and positive heating is omitted. Film composition of a PtMn film adjusted to Mn target by arranging Pt pellet 
>f 10mm angle suitably using the target of nickel80Fe20 of 8"phi size, Co, Ta and Mn, and nickel47Mn53 atom %. 
Moreover, film composition of a NiMnCr film adjusted to nickel47Mn53 target by arranging the pellet of Cr and Mn 
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10mm angle suitably. Film composition formed about 2 micrometers of thickness to Si substrate, and analyzed it by 
MA (electron probe X-ray microanalyser). The glass substrate was used for the substrate of magnetic-properties 
easurement and a corrosion resistance test. Spatter injection power performed all of all of 100W and spatter gas 
essure by lmTorr, and carried out the laminating of every one layer of the films by each target one by one on the 
ass substrate. The magnetic field of the one direction of about 500 e was impressed during membrane formation with 
le pair of magnets arranged by both side of a glass substrate. 

»027] Heat treatment was performed in the vacuum of 5x10-6 or less Torrs, and the magnetic field of the one 
rection of about 1000 Oe(s) was impressed. The rising-and-falling-temperature speed of heat treatment fixed 
spectively the temperature up to predetermined temperature, and the temperature fall from predetermined 
mperature to a room temperature in 3 hours. Heat treatment predetermined temperature was changed to 200degreeC- 
50degreeC, and the holding time in predetermined temperature was performed in 4 hours - 20 hours. The depth 
•ofile by Auger electron line analysis performed analysis of the counter diffusion in the interface which touches 
rectly [ of a PtMn antiferromagnetism film and a NiFe ferromagnetic ]. Moreover, the X diffraction using Co bulb 
srformed analysis of a membrane structure. Measurement of an exchange-anisotropy magnetic field was calculated 
om the shift amount of the M-H loop usually performed. 

>028] Dra wing 5 is the measured value of the exchange-anisotropy magnetic field (Hex) after 9-hour heat treatment in 
ie state (as depo.) immediately after the membrane formation when changing film composition of a PtMn film to zero 
» amount of Pt(s) 60 atom % (at%), and 270 degreeC. Film composition is Glass/Ta(100A)/NiFe(50A)/PtMn (200A) / 
a (100A). Above A expresses angstrom. 

)029] The reason for having formed Ta on Glass is for preventing the component and NiFe film on Glass carrying out 
Hinter diffusion with heat treatment, as In the state of depo., although Hex arises in the range whose amount of Pt(s) 
0 - 21at%, if the amount of Pt(s) becomes more than 21at%, Hex which can be observed substantially will not be 
roduced. However, the composition especially whose amount of Pt(s) after heat treatment covers the composition 
mge at large the amount of Pt(s) at large is 0 - 54at%, Hex produces it, and is 36 - 54at% is as. In depo., Hex which 
as not observed comes to arise with heat treatment, and the value also has it in the big value exceeding 200Oe(s). The 
imposition whose amount of Pt(s) is 0 - 21at% is also as. Compared with the value of depo., the exchange-anisotropy 
lagnetic field is [ the direction after heat treatment ] large. 

)030] Drawing 6 is change of Hex when changing heat treatment temperature about the film whose amount of Pt(s) is 
4 - 54at%. For 200degreeC, 230degreeC, and 270 degreeC, 9 hours and 250 degreeC are [ 20 hours, 290degreeC, 
30degreeC, and 350 degreeC of the holding time in heat treatment temperature ] 4 hours, and the temperature fall time 
f the heating up time to heat treatment temperature is also 3 hours for 3 hours. Film composition is Glass/Ta 
[00A)/NiFe(75A)/PtMn (200A) / Ta (100A). Although substantial Hex is not observed in heat treatment of under 200 
egreeC, with heat treatment more than 200 degreeC, Hex is observed, at first, it comes to produce Hex rapidly with 
eat treatment at the temperature more than 230 degreeC, and the film especially whose amount of Pt(s) is 44 - 51at% 
omes to show the big value of 200 or more Oes. 

3031] Drawing 7 and d rawin g 8 are the results of investigating more the heat treatment temperature of Hex and the 
oercive force at that time (He), and a holding-time dependency in a detail. Film composition is Glass/Ta(100A)/NiFe 
50A)/PtMn (200A) / Ta (100A), and film composition of PtMn is Pt47Mn53at%. When its attention is paid to 250 
egreeC and 270 degreeC, it turns out that the value of Hex is [ the longer one of the holding time ] large. 
3032] Moreover, although the holding time is short so that comparison of 4 hours may show by 20 hours and 270 
egreeC by 250 degreeC at 290 degreeC for 9 hours, and it becomes an elevated temperature, the value of Hex is 
quivalent or it turns out that the direction of short elevated-temperature heat treatment of the holding time is large. 
0033] He shows the almost same temperature dependence inclination as Hex, and the value is also almost equivalent 
d Hex. That is, the center of the form of the M-H loop at this time is [ only Hex ] the form of H shaft where shift to ** 
»n the other hand, and coercive force has the almost same size as a shift amount. Since the amount of bias is greatly 
tabilized so much by that both Hex(es) and Hc(s) are large when the exchange-anisotropy bias in AMR or Spin-Valve 
s considered, it is a desirable thing that both Hex(es) and Hc(s) are large. 

0034] Now, a certain physical change was given to the interface of the NiFe film on which a bird clapper generates an 
:xchange-anisotropy magnetic field with heat treatment so greatly that the holding time is [ the size of Hex ] long and 
he temperature at that time is high although an exchange-anisotropy magnetic field is a physical development from 
vhich the exchange interaction of the magnetic atoms in the interface of a ferromagnetic and an antiferromagnetism 
ilm is the origin, and a PtMn film, and the bird clapper is suggested so greatly that temperature is [ the physical 
;hange ] high and the holding time is long About this physical change and a mechanism, it mentions later in detail. 
0035] Drawing 9 is Hex when changing the thickness of a PtMn film, and the relation of heat treatment temperature. 
!00degreeC, 230degreeC, and 250 degreeC are [ 9 hours, 270degreeC, 290degreeC, and 330 degreeC of the holding 
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me ] 4 hours, and rising-and-falling-temperature time is 3 hours respectively. Film composition is Glass/Ta 
l00A)/NiFe(75A)/PtMn(XA) / Ta (100A), and film composition of PtMn is Pt49Mn51at%. The feature which also 
lifts to low temperature the heat treatment temperature which becomes large and Hex begins to produce can see Hex 
5 the thickness of PtMn becomes thick with 1 00,200,3 00A. The results which investigated the thickness dependency 
irther more in detail are drawing 10 , drawing 1 1 , and drawing 12 . 

)036] The film composition of drawing 10 is Glass/Ta(100A)/NiFe(XA)/PtMn (300A) / Ta (100A), and film 
imposition of PtMn is Pt49Mn51at%, and is changing heat treatment temperature with 250degreeC, 270degreeC, 
90degreeC, and 330 degreeC. 

)037] The film composition of drawing 11 is Glass/Ta(100A)/NiFe(XA)/PtMn (200A) / Ta (100A), and similarly film 

imposition of PtMn is Pt49Mn51at%, and it has performed the same heat treatment as drawing 9 . 

)038] The film composition of drawing 12 is changing the thickness of PtMn and NiFe simultaneously, and is the film 

imposition of Glass/Ta(100A)/NiFe(XA)/PtMn(XA) / Ta (100A), and film composition of PtMn is Pt49Mn51at% as 

^ell as drawing.9 and drawing 10 . Maintenance performed heat treatment by 290 degreeC for 4 hours. The rising-and- 

illing-temperature time of heat treatment of drawing 9 , drawing 10 , and drawing 1 1 is 3 hours respectively. 

)039] The size of Hex so roughly that it becomes so large that the thickness of NiFe becomes thin and the thickness of 

tMn becomes thick understands a bird clapper as a result of drawing 9 , drawing 10 , drawing 1 1 , and draw i n g 12 . 

Lbout the thickness of PtMn, in the range of 100A-300A, although a thickness dependency is remarkable, in the range 

f 300A-500A, a thickness dependency is seldom seen for thickness ( drawing 12 ). Therefore, if there 300A Is 

lickness of PtMn, it comes out enough and a certain thing understands it. 

3040] On the other hand, it turns out that Hex and thickness are the relation of an inverse proportion mostly about the 
lickness of NiFe. The switched connection energy according [ the exchange phase of the magnetic atoms in the 
iterface of a PtMn film and a NiFe film ] to an operation shows that it is not dependent on NiFe thickness, and that of 
lis is the same as the thickness dependency of the NiFe film in the conventional FeMn film / NiFe film. 
3041] Next, the result which investigated change of Hex when changing a ferromagnetic film into Co from NiFe is 
hown. It is experimentally and theoretical already shown in the Pinned magnetic layer of a Spin- Valve head that 
lagnetic-reluctance rate of change can do [ which used Co film ] rather than greatly using a NiFe film, and since 
ossibility of using Co for a Pinned magnetic layer is high, a large thing is desired also about an exchange-anisotropy 
lagnetic field with Co. 

3042] The film composition of drawing 13 is Glass/Ta(l 00A)/NiFe, or Co(XA)/PtMn (200A) / Ta (100A), film 
omposition of PtMn is Pt49Mn51at%, heat treatment is 4-hour maintenance in 290 degreeC, and rising-and-falling- 
jmperature time is 3 hours respectively. Even if it changed the ferromagnetic film into Co, Hex almost equivalent to a 
HFe film was obtained. Even if it uses a NiFeCo ternary-alloy film for a ferromagnetic film from this result, that same 
[ex is obtained can guess easily. 

3043] As mentioned above, it investigated in detail about the film composition dependency of a PtMn film, heat 
eatment temperature dependence, the heat treatment holding-time dependency, the PtMn thickness dependency, and 
le ferromagnetic thickness dependency about the exchange-anisotropy magnetic field of a PtMn film and a 
srromagnetic film, and when thickness heat-treats 200 degrees C-350 degreeC in the super-thin film called 50-300A in 
le ferromagnetic film which touches a PtMn alloy directly has shown that a big exchange-anisotropy magnetic field is 
cquired. 

3044] Next, an example is shown about the corrosion resistance comparison with the thermal stability of the 
xchange-anisotropy magnetic field which is the technical problem of others which this invention is going to solve, the 
igh corrosion resistance of an antiferromagnetic substance PtMn film especially NiMn, and a NiMnCr film. And the 
xample about the difference and the similar point of a mechanism of the exchange-anisotropy magnetic field finally 
cquired with NiMn and a NiMnCr antiferromagnetic substance film and the exchange-anisotropy magnetic field 
cquired with a PtMn antiferromagnetic substance film is shown. 

0045] Drawing 14 is the result of investigating the temperature characteristic of Hex and He. Film composition is 
}lass/Ta(100A)/NiFe(200A)/PtMn (300A) / Ta (100A), film composition of PtMn is Pt46Mn54at%, heat treatment is 
:0-hour maintenance in 260 degreeC, and rising-and-falling-temperature time is the sample of 3 hours respectively, 
/leasurement measured the M-H curve, heating a sample gradually from a room temperature in an oscillating-type 
aagnetometer (VSM) in the state of 5x10-5 or less Torrs of degree of vacuums. The programming rates at the time of 
neasurement are 20 degreeC / 20 minutes. 

0046] Hex in a room temperature is obtained 90 Oes, and this value is about about 1.5 times [ of Hex ] value by the 
;onventional FeMn film. The temperature (Tbrblocking temperature) to which Hex disappears is 380degreeC, and is a 
'alue far higher than Tb=160-degreeC of a FeMn film. Moreover, although it is known that the temperature of the 
nagnetoresistance-effect film circumference when the magnetic head is operating will attain to the range of room 
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mperature - about 120 degreeC, in this temperature requirement, Hex by the PtMn film shows an almost flat value, 
id differs from the inclination for Hex of a FeMn film to decrease with temperature by the temperature requirement of 
>om temperature - 120 degreeC, clearly. Since Hex and Tb are large and that the value of Hex is a flat leads to the 
ermal stability of a bias magnetic field in a magnetoresistance-effect type head operating-temperature region, it is 
sry desirable, and the trouble of a FeMn film is conquered greatly. 

)047] Now, although all the film composition of an old example was Glass/Ta / ferromagnetic film (NiFe or Co) / 
tMn/Ta, the example at the time of losing the case where the membrane formation sequence of a ferromagnetic film 
id a PtMn film is replaced, and Ta ground film is shown below. 

)048] Drawing 1 5 is comparison of Hex in four kinds of film composition of Glass/Ta/NiFe/PtMn, 
lass/NiFe/PtMn/Ta, Glass/Ta/PtMn/NiFe/Ta, and Glass/PtMn/NiFe/Ta**. Ta of the best layer is prepared in order to 
revent scaling under heat treatment, and it has not affected the built-up-sequence dependency of Hex. NiFe thickness 
lakes it have changed with 200,300,400A, and a PtMn film is 300A. Film composition of PtMn is [ 9 hour 
laintenance and rising-and-falling-temperature time of heat treatment ] 3 hours respectively in 270 degreeC 
t49Mn51at%. 

)049] Although the value of Hex has some change by built-up sequence, Hex of a good size is obtained in all built-up 
jquence. In the conventional FeMn, generation of the gamma-FeMn phase which is an antiferromagnetic substance 
iiase has led to the manifestation of an exchange-anisotropy magnetic field, and it is known that a big difference will 
}pear in Hex by the existence of a ground Ta film which prepares crystal orientation and a crystal phase, namely, Hex 
3t having been obtained if not covered with the film which adjusts a lattice constant to a ground in the case of a FeMn 
lm, and having formed a FeMn film first, and having formed a NiFe film after that — if - although it divides and 
3mes out, since there are such no restrictions in Hex by the PtMn film for which there are restrictions from which Hex 
not obtained and element structure had received restrictions by these restrictions, are very much easy using, and it 
nderstands that it is the film which can also make the conventionally 

)050] Moreover, drawing 1 6 is an experimental result when replacing a PtMn film by the NiMn film in the same film 
Dmposition as drawing 15 , thickness, and heat treatment conditions. The film composition of NiMn is 
ickel49Mn51at%. It being characteristic of a NiMn film is that the difference [ with the big built-up-sequence 
ependency of Hex ] to Hex by the existence of resembling [ Ta ] the FeMn film rather than the PtMn film, i.e., a 
round, appears. The mechanism from which an exchange-anisotropy magnetic field produces these things in a NiMn 
lm and a PtMn film has suggested differing somewhat. 

)051] Now, by next performing moderate heat treatment in an interface with the ferromagnetic film which touches a 
tMn film directly explains with the example which supports the consideration about the reason an exchange- 
nisotropy magnetic field changes greatly with existence of heat treatment. Although the factor of the strut about a 
jason is guessed, one of them is formation of a PtMn rule phase (CuAu-I type) already known for the existing 
ublication, for example, a "magnetic-substance handbook" etc., and another can consider change of the interface state 
'hich an exchange-anisotropy magnetic field commits, i.e., formation of the counter diffusion layer in the interface of 
PtMn film and a ferromagnetic film. 

)052] Drawing 20 and drawing 21 are the results of an Auger-electron-spectroscopy depth profile (AES) investigating 
le counter diffusion situation before and behind heat treatment, as The film composition of depo. is Glass/aluminum- 
) (alumina) (100A) / Ta (80A) / NiFe(200A)/PtMn (200A) / Ta (80A), film composition of PtMn is Pt47Mn53at%, 
nd heat treatment is 4-hour maintenance in 290 degreeC. as of drawing 20 the sample of a depo. state — the resolution 
f AES — although the above clear diffusion is not observed, with the sample after heat treatment of drawing 21 , clear 
ounter diffusion is accepted in the interface of a PtMn film and a NiFe film That is, Pt, Mn, especially Mn of PtMn 
/ere spread in the NiFe film side, and nickel and Fe of a NiFe film are spread in the PtMn side. When the diffusion 
sngth is guessed from thickness being 200A, it is about [ a little less than / 100A ]. 

0053] Considering that an exchange-anisotropy magnetic field is the origin with the physical exchange interaction of 
oth magnetic atoms in the interface of an antiferromagnetism film and a ferromagnetic, this counter diffusion layer 
ormed by heat treatment is the field itself which the exchange interaction of both magnetic atoms is committing, and 
le exchange-anisotropy magnetic field of a PtMn antiferromagnetism film and a NiFe ferromagnetic will commit it 
irough the counter diffusion layer. In the NiFe film which touches a PtMn film directly, one reason with a bird 
lapper is with a bird clapper that it is easy to form a counter diffusion layer, so that an exchange-anisotropy magnetic 
ield is large, heat treatment temperature is high and heat treatment time is so long that an exchange-anisotropy 
tiagnetic field's arising by heat-treating 200 degrees C-350 degreeC, especially heat treatment temperature are high 
nd the heat treatment holding time is long. 

0054] However, since it is clear that an exchange-anisotropy magnetic field is not acquired, considering the 
nechanism of an exchange interaction if counter diffusion advances more, a PtMn film and a NiFe film diffuse each 
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ther completely and it becomes PtMnNiFe the alloy of 4 yuan, you have to form moderately between a PtMn layer 
id a NiFe layer. 

)055] Since change of the crystal structure, i.e., formation of a PtMn rule phase (CuAu-I type), was considered to 
ave mentioned above about the manifestation of an exchange-anisotropy magnetic field, the X diffraction investigated 
lange of the crystal structure before and behind heat treatment. 

)056] Dxawing.22 is an X diffraction profile. Film composition is Glass/Ta(100A)/NiFe(200A)/PtMn (200A) / Ta 
iOOA), film composition of PtMn is Pt47Mn53at%, and heat treatment is 4-hour maintenance in 290 degreeC. 
leasurement was performed by the theta-2theta method using Co bulb. 

)057] as The differences after depo. and heat treatment are only the peak intensity of the NiMn {111} peak of fee 
ructure, and change of the some of the peak position accompanying change of a lattice constant as well as the PtMn 
111} peak of fee structure, and as long as it sees from this result, formation of the PtMn rule phase (CuAu-I type) 
r hich shows fct structure cannot be distinguished. 

)058] Next, the experimental result about the corrosion resistance improvement which is another big purpose of this 
ivention is shown. 

)059] Drawing 18 is the result of investigating the amount of corrosion of the film when soaking the sample carried 
ut in a physiological saline and an emulsifier in a room temperature for 24 hours 300A membrane formation about 
tMn, NiMn, and a NiMnCr film at a Glass substrate, respectively. As for film composition, a PtMn film is [ the NiMn 
lms of Cr addition ] 5, 9, 13, and 17at% nickel47Mn53at% Pt47Mn53at%. 0.9%, it is the solution which is using it in 
arious washing processes [ in / a magnetic-head manufacturing process / the concentration of NaCl in a physiological 
iline and / in an emulsifier ], and contained the Tripoli sodium phosphate, and is weak alkalinity. The amount of 
Drrosion (%) measured the area which a film began to melt into a solution and the Glass substrate exposed with the 
ptical microscope. The sample area is 2 4cm. 

)060] Although, as for the PtMn film, corrosion did not run at all as for a physiological saline and an emulsifier, the 
Drrosion to which a Glass substrate exposes NiMn 100% in both solutions advanced. Although surely the amount of 
orrosion in a physiological saline decreased by adding Cr to NiMn, about the emulsifier, the effect did not almost 
xist. It turns out that the PtMn film excels NiMn and the NiMnCr film in corrosion resistance very much. The result 
'hich investigated the exchange-anisotropy magnetic field in the film composition which investigated corrosion 
distance is drawing 17 . 

3061] The film composition of drawing 17 is Glass/Ta(100A)/NiFe(50 or 75A)/PtMn, NiMn, or NiMnCr (200A)/Ta 
100 A), and heat treatment is 9-hour maintenance in 270 degreeC. Although Hex of the NiMnCr film which added a 
tMn film, a NiMn film, and Cr 9% 5% showed the good value, Hex decreases and a problem and a bird clapper are 
ractically expected as Cr addition increases with 13% and 17%. The above result shows that the PtMn film is 
xcellent in membranous corrosion resistance and both of Hex. 

3062] The result which finally investigated the influence of [ on the anti-corrosion disposition which the amount of Pt 
0 in a film of a PtMn film gives ] is shown. 

3063] Drawing 19 is the result of performing the same corrosion resistance test in the same film composition sample 
s drawing 18 , and a solution. When that it is Pt can understand easily the element which is raising the corrosion 
distance of a PtMn film and especially the amount of Pt(s) becomes more than 44at%, it turns out that corrosion 
distance improves remarkably. 

3064] In the above explanation, although mainly aimed at a PtMn alloy as a diamagnetic material, also in the RhMn 
Hoy which has the same attribute as this, a RuMn alloy, an IrMn alloy, and a PdMn alloy, the same effect as a PtMn 
Hoy is expectable. 

0065] Next, in addition to the 1st operation form mentioned above, the 2nd operation form of the addition which paid 
is attention to the thickness of heat treatment temperature and a ferromagnetic layer is explained in full detail. 
0066] Drawing 23 is drawing showing the relation of the exchange-anisotropy magnetic field of the PtMn film which 
brmed membranes by DC magnetron sputtering, the thickness of a NiFe film, and heat treatment temperature. 
)rawing 24 is drawing showing the kind of the exchange-anisotropy magnetic field of the PtMn film which formed 
nembranes by DC magnetron sputtering, heat treatment temperature, and ferromagnetic layer, and the relation of 
hickness. Drawing 25 is drawing showing the kind of the blocking temperature of the PtMn film which formed 
nembranes by DC magnetron sputtering, and ferromagnetic layer, and the relation of thickness. Dra wing 26 is drawing 
howing the experiment conditions for acquiring a switched connection magnetic field required for the 
nagnetoresistance-effect type head in the 1st operation form and the 2nd operation form. 

0067] a magnetoresistance-effect type head (MR head) ~ the need - as there are material which needs the annealing 
>rocess after multilayer formation of a NiFe layer, a PtMn layer, etc. (heat treatment process) for the 
intiferromagnetism film made to generate sufficient exchange-anisotropy magnetic field, and material which is not 
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eeded, for example, it is shown in drawin g^ , Mn-X (X= platinum-group 10 - 30at%) exists as an antiferromagnetism 
lm which does not need annealing In addition, FeMn, Cr-Mn-X (X= platinum-group 0 - 20at%), and NiO (nickel 
xide) exist as an antiferromagnetism film which does not need annealing. 

)068] The annealing process which performs processing in an elevated temperature makes the layer of the adjoining 
pper and lower sides diffuse the non-magnetic layer (for example, the nonmagnetic interlayer's 8 Cu layer shown in 
rawing ! ) in an MR head, especially a spin bulb type MR head, and has the danger of degrading the magnetic- 
producing property of an MR head. For this reason, when the material of the antiferromagnetism film which needs an 
mealing process was used, it was more disadvantageous than the antiferromagnetism film which the bad influence of 
le above-mentioned Cu layer diffusion also has, and does not need an annealing process at this point. The 
isadvantageous point of Cu layer diffusion existed also in the PtMn film of Pt36 - 54Mn46 in the 1st operation form 
f this invention - 94 atom %. But about the exchange-anisotropy magnetic field strength generated, it is not as an 
bject of an argument in this case. 

)069] By the way, in the manufacturing process of an MR head, well-known UV cure process (ultraviolet-rays 
ardening process) and a postbake process are indispensable manufacturing processes, and since it is heated by the 
;mperature of about 250 degreeC in these processes, though the charge of diamagnetism material which does not need 
metaphor annealing process is used, the magnetic-reproducing property of an MR head deteriorates in this process 
'ith the heating temperature of the aforementioned 250 degreeC. On the contrary, if the aforementioned annealing 
jmperature can be held down to below 250 degreeC when the diamagnetism material which needs an annealing 
rocess is used, it can dedicate to damage within the limits of the degree of necessary minimum in UV cure process 
ad a postbake process, and the damage equivalent to the antiferromagnetism film which does not need an annealing 
rocess as a result can be managed. 

)070] In the 2nd operation form of this invention, it replaces with RF conventional spatter and the DC magnetron- 
Duttering method is adopted as forming the antiferromagnetism film which needs an annealing process, it can be 
haracterized by forming the thickness of a ferromagnetic thinly, a thereby more strong exchange-anisotropy magnetic 
eld can be acquired, and heat treatment temperature in an annealing process can be further set to 210degreeC below 
50 degreeC. 

)071] It writes together that the experiment conditions for obtaining the data of the 2nd operation form of this 
wention are the experiment conditions of the 1st operation form, and they are shown in drawing 26 . as the 
ntiferromagnetism film which needs an annealing process in here - Pt48Mn52 (as shown in drawing 5 and drawing 
, it is a typical example of composition) - using - other conditions - the 1st operation form and abbreviation - it 
'as made the same and the DC magnetron-sputtering method was adopted as the membrane formation method 
3072] According to drawing 23 , using the DC magnetron-sputtering method, Pt48Mn52 is adopted as NiFe and an 
ntiferromagnetism film as a ferromagnetic, it asks for the exchange-anisotropy magnetic field strength when making 
liFe thickness into the thinness from the thickness of 200A to about 15 A, and they are 250degreeC, 230-degreeC, 
lOdegreeC, 190 degreeC, and as about heat treatment temperature in that case. Let depo. be a parameter. It 
xperimented in the NiFe thickness surveyed by drawing 10 and drawing 11 having been to 50A by Mr. 15A Usu not 
lore than this. 

3073] Consequently, the exchange-anisotropy magnetic field strength of 360Oe(s) shown in drawing 8 became strong 
y 750Oe(s). Although such a strong exchange-anisotropy magnetic field that thickness of NiFe is made thin can be 
cquired according to this experimental result, 5A thinness is the threshold value from which a uniform NiFe film can 
e formed on a ground film, and an exchange-anisotropy magnetic field can be acquired, and since a possibility that a 
inhole (pore) may occur will also appear in a film if it is made the thinness not more than this, it cannot be made into 
A or less. 

0074] Therefore, it turns out that its 15-100A is generally desirable when the thickness of NiFe takes into 
onsideration exchange-anisotropy magnetic field strength, and the strongest exchange-anisotropy magnetic field at 15- 
0A thickness can be acquired (premised on adoption of the DC magnetron-sputtering method). Furthermore, the one 
/here the heat treatment temperature of an annealing process is higher also understood that it did not bring such a fall 
3 the exchange-anisotropy magnetic field strength even if it makes exchange-anisotropy magnetic field strength low to 
bout [210 degrees ] C although it becomes large. 

0075] According to drawing 24 , exchange-anisotropy magnetic field strength when adopting Pt48Mn52 as an 
ntiferromagnetism film is surveyed using the DC magnetron-sputtering method, using four kinds of things, 40A of 
4iFe(s), 40A of Co(es), 200A of NiFe(s), and 200A [ of Co(es) ] **, as the kind and thickness of a ferromagnetic. 
0076] According to this, the difference in the (NiFe as a ferromagnetic and Co can acquire the almost same exchange- 
nisotropy magnetic field) thickness affects exchange-anisotropy magnetic field strength rather than the difference in 
he kind of ferromagnetic (difference between NiFe and Co), and according to this experimental result, an exchange- 
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lisotropy magnetic field with the strong one as a ferromagnetic where the thickness is thinner can be acquired, 
loreover, it turns out that an exchange-anisotropy magnetic field is acquired from 210degreeC which is temperature 
>wer than 250 degreeC of UV cure process mentioned above and a postbake process. 

)077] Furthermore, according to drawing 24 , it is asking for the exchange-anisotropy magnetic field strength at the 
me of changing various heat treatment temperature in an annealing process, and according to this, the peak inclination 
f exchange-anisotropy magnetic field strength has appeared in 250 degreeC neighborhood. This expresses the 
ifference in an inclination with the clear magnetic field upward tendency in 250 degreeC in the 1st operation form 
lown in drawing 6 , and shows that there is no need for giving the annealing temperature exceeding 250 degreeC of 
<V cure process mentioned above and a postbake process. 

)078] If it puts in another way, although the direction's which raised the heat treatment temperature in an annealing 
rocess even to 350 degreeC can strengthen an exchange-anisotropy magnetic field according to the 1st operation form 
f drawin g 6 , the disadvantageous point of reproducing-characteristics degradation by Cu layer diffusion mentioned 
Dove when making it high even to 350 degreeC appears. 

)079] It will be desirable, if an annealing process can process suitably at the temperature within this 250 degreeC on 
le other hand, since the heating temperature of 250 degreeC is demanded in other processes (UV cure process and 
ostbake process) of manufacturing an MR head. According to the 2nd operation form of drawing 24 , since exchange- 
nisotropy magnetic field strength serves as a peak inclination by 250 degreeC, the effect that it is not necessary to 
use heat treatment temperature more than 250 degreeC is done so (premised on adoption of the DC magnetron- 
puttering method). 

)080] According to drawing 25 , it is drawing having shown the blocking temperature of the PtMn cascade screen 
'hich formed membranes by DC magnetron sputtering in relation to the kind and thickness of a ferromagnetic, and the 
jrromagnetic shows similarly the high blocking temperature abbreviation 380degreeC, by NiFe or Co. Moreover, by 
omparison with NiFe and Co, an exchange-anisotropy magnetic field with the stronger NiFe can be acquired within 
le temperature requirement of 20degreeC to 320 degreeC, and it turns out at this point that the NiFe is more desirable. 

3081] 

Effect of the Invention] By this invention, it has a big exchange-anisotropy magnetic field, and the temperature 
haracteristic of an exchange-anisotropy magnetic field is also good, the material which was very excellent also in 
orrosion resistance is offered, it excels in the alignment responsibility of the magnetoresistance effect by the bias 
lagnetic field using the exchange-anisotropy magnetic field by this invention, and the magnetoresistance-effect type 
fading head which can suppress a Barkhausen noise can be offered. 

3082] While being able to acquire a stronger exchange-anisotropy magnetic field by using the PtMn film which is the 
ntiferromagnetism layer which formed membranes by the DC magnetron-sputtering method, and forming a 
arromagnetic layer thinly according to the 2nd operation gestalt of this invention, the heat treatment temperature of an 
nnealing process can be fallen, and the antiferromagnetism film which was comparatively expensive and was 
xcellent in corrosion resistance in blocking temperature can be offered. 

9083] Moreover, by using the PtMn film which is the antiferromagnetism layer which formed membranes by the DC 
lagnetron-sputtering method, and forming a ferromagnetic layer thinly In the heat treatment temperature of the 
nnealing process in 250 degreeC neighborhood in UV cure process and a postbake "process (indispensable process 
rtiich manufactures an MR head), since the peak value of an exchange-anisotropy magnetic field can be obtained It 
an stop on a par with reproducing-characteristics degradation when using the antiferromagnetism material which does 
tot need annealing. 

0084] Furthermore, although it was the inclination for blocking temperature to become low when the ferromagnetic 
ayer was formed thinly conventionally, even if it forms a ferromagnetic layer thinly by using the PtMn film which is 
he antiferromagnetism layer which formed membranes by the DC magnetron-sputtering method, big blocking 
emperature is securable. 
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)ocument to be Amended] Specification. 

tem(s) to be Amended] Claim. 

vlethod of Amendment] Change. 

'roposed Amendment] 

:iaim(s)] 

Hlaim 1] In the magnetoresistance-effect type head equipped with the antiferromagnetic substance layer which 
mches a ferromagnetic layer and the aforementioned ferromagnetic layer directly 

he aforementioned antiferromagnetic substance layer is a magnetoresistance-effect type head characterized by 
□nsisting of a PtMn alloy, forming a counter diffusion layer in the interface of the aforementioned antiferromagnetic 
abstance layer and a ferromagnetic layer, and producing an exchange-anisotropy magnetic field in the interface of the 
forementioned antiferromagnetic substance layer and a ferromagnetic layer. 
Claim 2] In a claim 1 

Tie magnetoresistance-effect type head characterized by replacing with the PtMn alloy which is the aforementioned 
ntiferromagnetic substance layer, and using any one of a RhMn alloy, a RuMn alloy, an IrMn alloy, and the PdMn 
Hoys. 

Claim 3] In a claim 1 or a claim 2 

Tie aforementioned counter diffusion layer is a magnetoresistance-effect type head characterized by being the field 
/hich the exchange interaction of the magnetic atoms of the both sides of an antiferromagnetic substance layer and a 
erromagnetic layer is committing. 
Claim 4] In a claim 1 or a claim 2 

Tie magnetoresistance-effect type head characterized by containing Mn in the aforementioned counter diffusion layer. 
Claim 5] In a claim 1 

Tie magnetoresistance-effect type head characterized by containing Pt in the aforementioned counter diffusion layer. 
Claim 6] In any one claim of a claim 1 or the claim 5 

t is the magnetoresistance-effect type head which a ferromagnetic layer is formed above a substrate and characterized 
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- the aforementioned antiferromagnetic substance layer having touched on the aforementioned ferromagnetic layer. 
!laim 7] It is the magnetoresistance-effect type head which an antiferromagnetic substance layer is formed above a 
bstrate in any one claim of a claim 1 or the claim 5, and is characterized by the aforementioned ferromagnetic layer 
ving touched on the aforementioned antiferromagnetic substance layer, 
llaim 8] In a claim 1 

lm composition of the aforementioned PtMn alloy is the magnetoresistance-effect type magnetic head characterized 
' being 46 to Pt5 - 54Mn95 atom %. 
Ilaim 9] In a claim 1 

lm composition of the aforementioned PtMn alloy is a magnetoresistance-effect type head characterized by being 80 
Pt5 - 20Mn95 atom %. 
Haim 10] In a claim 1 

lm composition of the aforementioned PtMn alloy is a magnetoresistance-effect type head characterized by being 46 
Pt36 - 54Mn64 atom %. 
'laim 11] In a claim 10 

le amount of Pt(s) is a magnetoresistance-effect type head characterized by being more than 44 atom %. 
"laim 12] In any one claim of a claim 1 or the claim 1 1 

le magnetoresistance-effect type head characterized by forming the aforementioned counter diffusion layer by heat 
satment. 

"laim 13] In any one claim of a claim 8 or the claim 1 1 

ie magnetoresistance-effect type head characterized by forming the aforementioned counter diffusion layer by heat 
satment of the range of 200 degrees C - 350 degrees C. 
^laim 14] In any one claim of a claim 1 or the claim 13 

he magnetoresistance-effect type head characterized by the thickness of the aforementioned counter diffusion layer 
ring 20-100A (angstrom). 

>laim 15] In any one claim of a claim 1 or the claim 14 

he magnetoresistance-effect type head to which film composition of the aforementioned ferromagnetic layer is 
laracterized by being a NiFe alloy, a NiFeCo alloy, or any one thing of the Co. 
^laim 16] In any one claim of a claim 1 or the claim 15 

he magnetoresistance-effect type head characterized by for the thickness of the aforementioned antiferromagnetic 
ibstance layer being 100-500A (angstrom), and the thickness of the aforementioned ferromagnetic layer being 5- 
D0A (angstrom). 

^laim 17] In any one claim of a claim 1 or the claim 15 

he magnetoresistance-effect type head characterized by for the thickness of the aforementioned antiferromagnetic 
ibstance layer being 100-500A (angstrom), and the thickness of the aforementioned ferromagnetic layer being 15- 
30 A (angstrom). 

Ulaim 1 8] In any one claim of a claim 1 or the claim 1 5 

he magnetoresistance-effect type head characterized by for the thickness of the aforementioned antiferromagnetic 
abstance layer being 100-500A (angstrom), and the thickness of the aforementioned ferromagnetic layer being 50- 
00 A (angstrom). 

Z!laim 19] In any one claim of a claim 1 or the claim 15 

he magnetoresistance-effect type head characterized by for the thickness of the aforementioned antiferromagnetic 
abstance layer being 100-500A (angstrom), and the thickness of the aforementioned ferromagnetic layer being 15- 
00 A (angstrom). 

Claim 20] In any one claim of a claim 1 or the claim 15 

lie magnetoresistance-effect type head characterized by for the thickness of the aforementioned antiferromagnetic 
ubstance layer being 100-500A (angstrom), and the thickness of the aforementioned ferromagnetic layer being 15- 
0A (angstrom). 

Claim 21] In any one claim of a claim 16 or the claim 20 

Tie magnetoresistance-effect type head which replaces with the antiferromagnetic substance layer thickness limited to 
ach aforementioned claim, and is characterized by the thickness of the aforementioned antiferromagnetic substance 
lyer being 1 00-300A (angstrom). 



Translation done.] 



